We present the results of a comprehensive investigation of the quantum-noise properties of a continuouswave phase-conjugate mirror ͑PCM͒ formed using backward-four-wave mixing in potassium vapor. We characterize the quantum-noise properties of the PCM as functions of the vapor density, pump detuning from resonance, and relative frequency detuning of the signal beam from the probe beam. We compare the noise measurements of the PCM with the predicted noise of an ideal quantum-noise-limited PCM and determine the value of the minimum signal that can be used to perform phase conjugation with unity signal-to-noise ratio. For the range of vapor densities studied, we find that the PCM operates nearest the quantum-noise limit and that the value of the minimum signal is lowest under conditions in which the reflectivity is maximized. These results demonstrate that it is possible to perform phase conjugation with signals as weak as 14 fW with near-unity reflectivity. Our measurements are in qualitative agreement with the predictions of a quantum theory of phase conjugation via nearly degenerate four-wave mixing in a two-level system. ͓S1050-2947͑99͒02212-X͔ PACS number͑s͒: 42.50. Ct, 42.65.Hw, 42.50.Lc 
I. INTRODUCTION
An understanding of phase-conjugating optical amplifiers is important for fundamental investigations in quantum and nonlinear optics and has implications for the development of technologically relevant applications such as optical communications. For example, optical phase conjugation can be used to compensate in real time for the effects of dispersion and nonlinearities encountered in the propagation of pulses along optical fibers ͓1-3͔ and for the removal of aberrations from a signal wave front ͓4,5͔. In the latter case, the phaseconjugate amplifier is called a phase-conjugate mirror ͑PCM͒. Phase-conjugate mirrors based on stimulated Brillouin scattering ͑SBS͒ have been used to perform phase conjugation of weak signals ͓6-9͔ as well as aberration correction of pulses through a turbulent atmosphere over a 6-km path ͓5͔. Four-wave-mixing phase-conjugate mirrors ͑FWM PCMs͒ based on the resonant nonlinearity of atomic vapors have been studied extensively ͓10-16͔, and an atomic-vaporbased FWM PCM has been used to perform aberration correction of continuous-wave signals over a 2-km path ͓17͔.
The noise properties of phase-conjugating amplifiers have been the subject of numerous studies ͓6-8,18-25͔. An understanding of these quantum-noise properties provides insight into possible choices of a PCM for a particular application. For example, Agarwal et al. ͓26͔ have shown that the beam generated at the output of a phase-conjugate resonator is predicted to be quadrature squeezed under conditions in which the PCM is operated near the ideal quantum-noise limit. An understanding of the noise properties of phaseconjugating amplifiers is also important in the development of applications that require the ability to phase-conjugate very weak signals, since the total noise determines the value of minimum signal that can be amplified for a specified value of the signal-to-noise ratio ͑SNR͒.
Recent quantum-mechanical treatments of the noise properties of PCMs have shown that excess quantum noise is inherent to the phase-conjugation process ͓18,19,21,22͔ and additional contributions to the noise can arise from the physical mechanism that gives rise to phase conjugation and from fluctuations ͑e.g., collisions͒ in the nonlinear medium, as has been predicted for the nonlinear process of phase-preserving amplification by two-beam coupling in atomic vapors ͓27-29͔. For Brillouin-enhanced four-wave-mixing ͑BEFWM͒ PCMs, the additional noise arises from the presence of thermal phonons. For atomic-vapor-based FWM PCMs, the additional noise is a result of resonance fluorescence. Recently, we used a high-reflectivity ͑up to 670%͒, wide-bandwidth ͑up to 230 MHz͒ potassium-vapor-based FWM PCM ͓30͔ to achieve phase conjugation and aberration correction of weak ͑250 fW͒ continuous-wave optical signals with a SNR of 18:1 ͓31͔. Previously, the quantum-noise properties of nonlinear optical processes in atomic vapors such as intracavity four-wave mixing ͓32͔, forward four-wave mixing ͓33,34͔, and phase-preserving amplification ͓27-29͔ have been studied.
In this paper, we present detailed results of a comprehensive experimental and theoretical investigation of the quantum-noise properties of a continuous-wave PCM implemented using nearly degenerate four-wave mixing in potassium vapor ͓30͔. Our work is motivated by the desire to determine the experimental parameters with which a PCM 
